Introduction
This paper's main purpose is to describe how an optimal designed degradation experiment can be figured out to improve product's reliability. Insetad of using a known termination time of an experiment, the criterion of minimizing the total cost of experiment is adopted.
A key quality characteristic of a lighting product is its luminosity or luminous flux as measured in lumens, say Y (t), which is measured at time t. Let the observed relative degradation
, where Y (t 0 ) is the initial luminosity measured at time t 0 . A useful and simple model for observed degradation is:
where τ (t, θ) is the actual relative degradation and is observed (i.e., D(t)) with error (t). To describe a population of degradation paths, the degradation effect θ is random with distribution function G θ ( ). The error (t) is assumed to be independent normal with mean zero and variance σ 2 (denoted by N(0, σ 2 )).
The Optimization Formulation
A fractional factorial design with p factors and r runs which collect degradation data for improving reliability is considered. At the i th run, let f i and l i denote inspection frequency and number of inspection, respectively. Then, the measurements are made per f i units of time until the time t i,l i = f i l i t u for the i th run, where l i is a positive integer and t u is a unit of time. At the i th run, the random effect in Equation (1) for the j th device is denoted by θ ij . Moreover, V ar(log θ ij ) = σ 2 and E(log θ ij ) = µ i depends on the particular run.
The effect of the k th factor F k , β k , is significant or that F k is an important factor to improve reliability if j β k j> 0. The set of all important factors is denoted by S, i.e., S=fF k :j β k j> 0, 1 k pg. Letβ k be an unbiased estimator of β k and [β k ,β k ] be the corresponding 100(1 α)% confidence interval of β k . F k is identified as an important factor if
where P * is a pre-specified correct decision probability.
To enhance the efficiency of experiment, the following decision problems are critical: To address these issues, we define TC(ff i , l i , n i g r i=1 ) as the total cost of experiment and we consider the optimal plan basd on the following optimization formulation:
Subject to
Results
Two algorithms for the cases with equal sample size and equal inspection frequency are given to compute the approximate optimal solutions. For the purpose of illustration, we apply the algorithms to the reliability improvement experiment with three factors and four runs proposed by Tseng et al. (1995) . The observed degradation paths are modeled using (1) with:
where θ is distributed as lognormal (µ i , σ 2 ) for the i th run, i = 1, 2, 3, 4.
For case of the equal sample size, The inspection for run 1, 2, 3, and 4 will be taken up to 2100, 2600, 2100,and 2400 hours at 300, 100, 300 and 300 hour intervals, respectively. For case of the equal inspection frequency, There are 16, 12, 14, and 13 items on test for run 1, 2, 3 and 4, respectively. Besides, the inspection for run 1, 2, 3, and 4 will be taken up to 2200, 2800, 2400,and 2600 hours at 200 hour intervals, respectively. The plans suggested will have at least 99% confidence in identifying the optimum combination correctly.
